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Abstract. We previously noted that MlsC -C58/J tions expressing these antigens to trigger proliferation of
responder cells proliferated unexpectedly to H 2-com- H-2-compatible responder T cells in a primary mixed lym-
patible MIsa or MIsc prototypic stimulator cells in a phocyte-reaction (MLR; Festenstein 1970, 1973). These
primary mixed lymphocyte reaction. The present in- non-major histocompatibility complex (MHC)moieties
vestigation was performed to- evaluate whether the stimulated both CD4 + (Janeway et al. 1980).and CD8 +

response of C58/J-T-cells to theseH'2- andMls-compati- (Webb -and- Sprent 1990) T cells in vitro with a high
ble stimulator-cells could functionally identify-a newly- precursor -frequency (Janeway- et al. 1980; Miller and
defined member of the-Mls superantigen family through Stutman 1982).
its allostimulatory ability. We :observed that C58/J More-recently the important role of Mls-antigens in
responder cells- also proliferated- when cultured--with shaping the T cell repertoire has received considerable at-
H-2-compatible -prototypic Mlsull, Mlsb (nonstimula- tention. -in mice expressing MIs' as a self-antigen,

-tory), or Mis"' splenic stimulator cells. The widely mature thymocytes and peripheral-T cells were-depleted
-distributed nature of the non-MHC ligand recognized-by of those pulations that expressed V06' (MacDonald et
C58/J T cells-is indicated by theiin g that 11 of2 al. 1988), V08.1' (Kappler~etal. 1988), or V19 + (Happ
H-2k inbred -mouse strains clearly expressed this etal. 1989; Vacchio and Hodes 1989)Tcell receptor (Tcr)
specificity. A gradient of stimulatofy capacity from Iow segments. :In mice expressing:Mls ' , T cells thatrbear the
to-high across-this newly-defined-non-MHC difference V#33 (Abe-et al. 1988; Pullen:et-al. 1988. 1989) segment
-was detected with splenocytes from these different-inbred were largely depleted. The MHC haplotype of the mouse
mouse strains. -The Mls'' genetic~composition of C58/J strain also-influenced this process of intra-thyrnic-clonal
was confirmed by the observation that crossing C58J With deletion-of-self-reactive-T cells mediated by MIs antigen
-parental BIO.BR (responsive to- both MIs' and MIs' (KappleretaL 1988; Pullenetal. 1988). The high precur-
determinants) generated F, progeny-that were unrespon- sor frequencyxof Mis responsive T cells observed- earlier
sive to H-2k-compatible Mls*, Mlsc, or MIs" 'c stimulator in the primary MLR (Janeway et al. 1980; Miller and Stut-
cells. L.ke prototypic Mls' and -MlsC, the non-MHC man 1982) correlated with the-finding that-T cell expres-
specificity recognized by C58J responder cells, termed sion of V6, V08.1, and V39 (Kappler etal: 1988:Mac-
Mls , was- particularly sensitive -to radiation (versus Donaldet al. 1988; Happ et al. 1989) or V,63 (Abe et al.
mitomycin C) treatment of the stimulator cells, was great- 1988: Pullen et-al. 1988. 1989) was associated withfT cell
ly augmented - after anti-IgD activation of splenic reactivity -toMls' or MIS '. respectively. Other cY or 13
stimulator cells, was blocked with anti-MHC class I1-an- chain segments of the Tcr did not appear to contribute to
tibody, and was effectively presented by phenotypically specificityin the T cell response to-these MIS antigens
normal female -but not B celiodefective xid' ma-le (Abe et al. -1988; Kappleretal-. 1988; Pullen et al. 1988).
CBA/N F, stimulator cells. In the-first demonstration that self-tolerance can be

generated-by clonal.elimination of self-reactive T cells
Introduction during development in the thymus, the deletion of
Mouse minor-lymphocyte stimulating (Mls) determinants VfI7a + peiipheral T cells and mature thymocytes inmice expressing-MHC class ii H-2E molecules-was des--were first identified by- the capacity- of stimulator poptila-
were____ facribed (Kappler et al. -1987). This deletion probably

Address correspondence and offprint requeils to: J.J. Ryan. resulted from self-tolerance induction, since most random
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Vj0l7a" T -cell -hybridomas were responsive to- E' C2H/HeJ (H_2k, MIS%~ (CS7BLI6 XDBA/2)F1 (H-2b'd,
splenocytes, -B cell lymphomas, and B ceell hybridomas Mlsa-6-), C57BL/ISn-(H-2b, MIs"), C57B-R/cdJ (Hr2 k
(Kappler et-al. 1987). Further studies showed- that -an MISb), C5881 (H_2k, Misa C),MA/My-(Hm2 k, MisC),-RF/J-
undefined su perantigen expressed by B cells (but-not other (H-2kI MISaC) -SJL/I (H-2', MIs?) were-obtained from
E' cell- types) was- recognized in association with the-E the Jackson Laboratoy Bar Harbor, -ME.(BIO.BRx
molecule by Vfll7a' T cells (Marrack and -Kappler CBA/J)Fl -(H-2, M-~ " C,(BlO.BRxC58/J)F, (H2,
1988). E-expressihg mouse strains were also -found to Mlsa bC) -(BIO.D2 xC58/J)F, (H-2 dl, Mi?"C), % (C57BLI
eliminate Vf352' (Woodland-et al. 1990), VI374 (Vac- lOX C581J)F1 (H-2", Mjsu.-b.,), :(CBA/CaJ xC58J)F1
chio and Hodes -1989), and- V011'l (Bill et -al. 1988, (H-2', MI -bC,(CBA/NX-AKR/J)F1 (ft- 2 ',_Msn"*I l)

1989; Vacchioi and-,Hodes 1989) T cells; undefined non- (CBA/N x BO.BR)F, (ff- 2 k, MIsnuhb.), (CBA/N xCBA/
MUG gene products also influenced -this-deletion -process CaJ)Fj (H-2", Misnuh"b). and (DBA/2 x C58/J)F, (H-2'".
(Bill at--al. 1988, Vacchio and- Hodes- 1989: Woodland et MIS'--) mice were bred at the Naval -Medical -Research
al. 1990). In confirming and extending -the rang2 of Institute (NMRI) with-parental breeding stock-purchase
documented Vi3 deletions-in the T cell-repertoire of inbred from-The Jackson Laboratory-Bar Harbor, ME. BA LB. K
mice,- substantial- decrea -ses in-expression-of V,63. 5-A6, (H-24, Misc) and BIO.Q (H-21', Mis") mice were kindly
7. 9. IL- 12, and 16 due to self-determninants were observ- -provided by-Drs. Florence -Rol lwagen and Walter Weiss
ad (Vacchio- and--Hodcs 1989). In- this study. C581J -(NMRI), respectively. -Because it-is likely that-both Mis"
animals. unlike other E' animials, showed no quan-- :(Click et-al. 1982; Ryan-et-al. -1990b) and-Mis" (Click
titative decrease in expression ofVol- I-and VO I 2-hearin, -and-Adelniann 1988;-Abe et al. -1989; Pullen et-al. 1989)-
Tecells in their periphery. Non-MHC ligands not-encoded are the products-of multiple genes, -the original small case
in C58/J mice but expressed-in-other-m ouse strains were -letter-designations for MIs specificities have been utilized
subsequently __demonst ratcd to del-ete T cells -expressing -throughout this study as collective symbols for these
either of these two segmients of the ITer-(Vacchio et al. -goups-of-multi-gene pout.CANmc aebe
1990). -designated MISn"li rather than -(nonstimiulatory) MiS" to

In studying non prototypic mouse strains as-responders indicate that theicr-X-linlced B cell defect usually-precludes
and stimulators in. an Mis-defined MLR -(Ryan et al. effective-in-vitro presentation of MI-s determinants (Ahm-
1990a), this -laboratory observed additional intriguing ed-and Scher 1976). Experiments were -performed -with
properties associated with -C58/J lymphocytes. -As 8-20-week-old animals- that- were maintained in filtered-
stimulator cells, C5811 splenocytes -presented the MVs air isolators-in the animal- colonies of the Naval-Medical
determinant (formerly considered a wveak -to- intermed iate --Research -Institute.
stimulatory moiety)- in an autosomally dominant -i~dvnlo~ertco.RsodrclsfrteNL ceotie
superstiniulatory form. I n addition, -although considered -by- enriching -for T cells by passage of splenocytcs over a-n)lon wool-
genotypically Mls"., C58/J responder T -cells pro- column (Julius et al.- 1973). lUnprimed responder T cells %ere cultured
liferated vigorously to H-2k-compatible Mls' or Mlsc at the density of 3 x 105 cellslmi-crotiter well, usually with 1-.0 -9 x o
prototypic stimulator cells. Studies of V#3 usage and dele- stimulator cells-in a total volume of 0.2 ml. The MLR-culture medium

tionin nbrd mce~av~rovied lue tht udefned consisted of RPMI 1640 (Hazelton Laboratories, Le nexa. KA) with gen-
lamicin (50 pg/mI). L-glutamine (2mM. HEPES buffer, (25 miM.

self-delet-ing superantigens- exist thav are distinct from -5% -fet- al calf -serum -FCS;:HIyclonc. -Ogden. UT); and-5xl10' M
Misa and -MIV (Marrack and Kappler 1988; Bill et al. 2-me11rcptoethanol. Each MLR was performed with- quadruplicate
1989; Vacchio~and Hodes 1989; Woodland et al. 1990). cultures in round-bottomed microculture plates (No. 3799: Costar. Cam-
Thus the purpose -of the present investigation -was to bridge. -MA) and was maintained i n a hum -idi-ficd-atniosphere of-5%

0 -CO, at 37 *C. -The culture was harvested after 72-96 h onto glass fiberevaluate the possibility that the unanticipated-proliferative fitrppralralhplewt]pi(7 -)mcoie elo

response of naive C58/J Teells to H-2 and MIs-compatible -1'HJTdR (specific act-ivity=2 CilniM; New:Ekngland Nuclear. Boston.
stimulator cells- observed-in -earlier studies--(Ryan at al. MA). Incorporated I'H]TdR was measured on a Beckman scintillation
1990a; Vacchio et al. 1990), could fu -nctionally- identify spectrometer. The results were calcujlated front uptake of l'1-ITdR and
a newly-defined member of the Mis superantigen-family are expressed as the arithmetic mean incpm ofriplicate orqadruplicae

throgh is alostmulaory apacty.cultures. The standard errors were generally less than 10% of the mean. -

throgh its llotimuatoy -cpacty.The statistical significance of the mean cpm of each experimental group
was calculated with Student's:t test. Mean differences were considered ~~q 'R 24
to be significant when-P<0.05. The monoclonal IA'-spccific antibody.4

Materials and methods 0-6,and-the E-specific antibody, 14-4.4.-that -were used-in MLR C-S3
blocking experiments were kindly provided by Dr. Ada Kruisbcek (NIH. U"0~
Bethcsda.-IAD). The monoclonal Ki' .- peciicanibotlv. 11-4.1 (#1.;20.J trjj

Anitnals. AKR/J- (H-2', MIl?). _BALB/c (H-2 d, MIS'-% Becton Dickinson. San Jose. CA). was also uiwd in (he MLR blocking t

(BALD/c XDBA/2)F1  (H1-2". Mis"' 36,B6AKR-H-2kI' studies.
FlaEg (H-24', Mls"-), BIO.BR (H-2", Mish).-BIO. D2 1, ' anti.IgD freatmen: and it ritro prceira:ti (fAILR sin idtorl
(H-2(1, Mis"), CBAICaJ (H-24. Mlsb), CBA/J (H-2 , cell1s. Re-cipicnt-mice were injected intravenously uith 100 j-t ifinit 3t:rtzbut 4-

MlsauC). CBA/N (H-2&, MIS") CEIJ (H-k 4 MisaC), -purificd goat antimouse tgDc(GaMD) reagent in unicofO 2m tI hat Av&L d
C0DTI 1A wit I

jDt -e
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was pre -pared as previously described (Finkelman et al. 198 1). -Twenty- 200 SIO.BRTSCELI.S CSAJ-T C -ELLS C58IJ T CELLS-

-four hours later, -the spleenis were removed -and gently teased-in Hanks'
balanced salt solution (HBSS) with 10%fetal calf serum(FS.teCO'

-irradiated with 3000 R( (-Cs) after the removal of the red-blood cells
with a-hypotonic-lysing buffer, washed again, and -resuspended- in the
MLR medium described-above. This laboratory has shown that in vivo
(Ryan et al. 1983, 1987a. 1987b. 1988) or in vitro (Ryan etal. 1988)- CS1iJ
activation of splenic B cells with GaMD prior to irradiation substantially
enhances the capacity to present both Mlls' and MISC specificities. When '

-mitomycin C (85.,549.9: Aldrich Chemical Co., Milwaukee.-WI) was .

used instead of irradiation to prevent normal orGaMD-activated splenic X -C570LI10

stimulator cells from dividing in-the primary MLR, the splenocytes 2-- -7L -CBAJ

(I x-1071m1) were suspended in HBSS and exposed to mitomycin C (75 0. - C~Ll
pg/mI) for 30 mm at 37 *C in the absence of light; they were than washed -10-s~

-three times before being-added to-the responder-T cells. -so

T cell depuletion of spleitocyte populations.. Spleens -were gently teased Blo 11f

in RPMI 1640 pluis 1% FCS. depleted of red blood cells with ammonium- A CSsi81of
chloride lysing buffer, washed twice, and filtered through sterile nylon BIBE8.i B
mesh (HC3-1 10. Tetco Inc., Elmsford. NY) to remove tissue clumps. I c$Al L S

The single cell preparation was then suspended in monoclonal anti-Thy I 6, 9 -1.5 3 -6 9 1.5 _3 6_- 9

-1.2 ascites fluid-(NEI-00l; New England-Nuclear Research.Products. STIMULATOR CELLS X 10-5
Boston. MA) at -1:500 -dilution- or (for Thy 1.1/.2 F, animals) a Fig. I. Comparison of -mutual- MLR stimulatory capacity among
crocktail ofanti-Thy 1.1 (NEI-002; New England Nuclear Research Pro- H- _cmatible B 16.B311 CBA/i, and C58IJ splenocytes. Nylon wool-
ducts, Boston, MA) plus anti-Thy 1:2 at 1:500 dilution for half an hour purified splenic T-cells (3* 105/well) -from- BIOX.BR(Mls". CAAJ-
at 4 0C. The treated cells were then washed -twice-and resuspended-in (MlsaC). or C588J (Mls".) strains were cultured with normal
al1:8 dilution of rabbit complement (ACL 3051. Low-Tox M. Accurate mitomycin-C-treated-splenocytes from these H-2-compatible animals
Chemical- &-Scientific Corp.. Westbury. NY) for 45 mmi at 37 *C. The as well as from H-2--differeat C57BUIIO (H-2"Y mice, at the concentra-
remaining splenocytes were washed twice and refiltered through sterile tions shown. The-MLR culture was-harvested after 72-h.
nylon mesh to remove dead cells and tissue debris before treatment with-
-mitomycin C. Mlsa-c-compatible -mitomlycin- C-treated C5811 spleno-

cytes (Fig. 1,-center panel), C581J-T cells -proliferated
Results ~~uiambigu usly -in a dose-dependentmanrtCBI

stimulator cells (Fig. , right panel).-Indeed,-C58/J Tcells
The Mls"~ protorypic-_niouse-strain, -CBAIJ, elicits unidi- also appeared-to-respond -at a -lower level to-H-2-compa-
rectionai proliferation of H-2 and Mls-compatible- C8/J. tible _Mlsb (so-called nonstimulatory) BIO;-BR spleno-
Previous studies with-gheterogeneous (Ryan -et-al. ;1990a)- cytes.
orcloned (Abromson -Leeman et al-.1988a..1988b) Tcells- To test -the -functional -capacity of-parental C581Jto
have inidicated -that C581J stimulator cells express both induce self-tolerance -in F,- progeny-to prototypic -Ils'
-Mis' and -Mis determinants. Therefore, -it- is -consistent and -MIsc_ determinants, H-2'-compatible- MlSb BlO.BR
-with -self-tolerance that the mature peripheral T cell pool- -animals that are-fuiy_ responsive to MIs? and Mlsc-were-
of C581J is deleted of-populations that-express V#l6 and= crossed with C58/J. BIO.BR was -also crossed- with
-V09 -(associated with- responpsiveness to Mls)') and V03 Mis'.c CBA/i;-the resulting-F1 was-previously shown by
(associated with -responsiveness -to W.s~ Vacchio- and- this laboratory -to-be -specifically unresponsive to-Ms
Hodes -1989). -Nevertheless, 1i was -recently shown-that- -(AKR/J)- and Mls' (C3H/HeJ)-stimulator cells-(Ryan-et-
C581J- responder cells proliferated at very detectable al. 1987). We- observed- that -both (BIO.BR xC58/J)Fl
-levels -when cultured with H-2-compacible prototypic and-(BIO.BRxCBA/J)F, T-cells werepooirly-responsive
Mls' (AKR/J) and -MIsc (C3HIHeJ-) stimulator cells to--prototypic MIs' AKR/i, MISC C3H/HeJ, -and -Mls"
(Ryan-ct al. 1990a; Vacchio cl: al. 1990). Since the latter (C3H x AKR)F, -mitom ycin C-treated splenocytes (Table
-result- could- be- interpreted- as conflicting-with the-other -1). The lack of response of (B IO.BR-xCBA/i)F 1 T. cells
findings that-suggested C5811 encodes MIs? and MISc, we to- C5813 stimulator cells was -in agreement With- these
explored the nion-MHC-polymorphic similarities and-dif- results and the previous finding~with heterogeneous (Ryan
ferences between C581J and-the MISac prototypic strain,_ et al-. 1990a) and cloned (Abromson-Leeman et al. 1988a.
CBA/J, -in a primary -MLR--(Fig. -1). 1988b) T-cells that C581J -expresses- both Mes and-MVs

As expected, both C58lJ-and CBA/J splenocytes were- determinants. A similar-conclusion could be reached-with-
capable of triggering vigorous proliferation of H-2k-- the observation-that (BIO0.BRX508/1)F,1 T cells dignot
compatible MlbBIO-.BR T cells across -the Mls' and:- vigorously -proliferate to-the prototypic-Mls', MlsC, and
MIsc specificities that have been reported to be expressed:- Mls"~ stimulator cells.
by both of these stimulator populationfs (Fig-.I-, left panel). However, because C581J T cells could: respond-to
While-CBA/J T cells remained unresponsive to H-2k and- -H2-compatible -prototyoic Mls' and-MlsC (Ryan et al.
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Table-1. Like Mls"C CBAII. parental 658/J_ induces self-tolerance--in F,_ progeny to prototypic Mi saand MISC determinants.

Stimulator cells* Responder cells*

Strain H-2 MIS BIO.BR -(BIO.BRXCBAJ)F (BIO.BRxC58/)F,

Syngeneic k -3.l96* 6,123 5,1898
AKR/J k a 128.414 7,607- 10.589
O3HIHeJ k c 20.885 6.388 5.703-
(C3H xAKR)F, k -a. c 102.990 5.275 4.401
CBAIJ k a.C 203.068 -8.016 7.957
C5811- k a~c 184.580 -6.237- .. 995
C57BUIIO b b 92.132 -97.599 82.510

Stimiulatoir cells 'were-normal tnonaCtisated) splenocytes (9x l0~well) treated with mitompycin C.
Resjponder ccll.% were-nylon %tool-purified splcnic T celk (3 x-lO5Iwell).
Values are cpm of mean arithmnetic I3HITd-R uptakeo oquadruplicate cultures, harvested at 72 ht. Underlined numbers are those that are significant-
Is- greaJter (p<0.05) than respoxn%es to syngeneic stimulators.

Table 2- The prcientation of thc-non-MHC specificicy recognized by C58IJ T cells, like prototypic Mls' and Mls'. it impaired by irradiation and

substantially augmented-by stimulator pretreatment -with GaMD antibody.

Stimulatoir cell%' Responder cells'

H-2L strain MN -Inactivation GaMD BIO.BR (Mls MLR) -C58/J (non-H-2-MLR)- (BALB/cxDBAI2--)F, (H 2 MLR)-
treatment treatment

Experiment I
Syngeneic NI 3.838* 6466 10.318-

R 2.338 4.983 7.055
AKR/J .a _NI 148.217 43.306- 124.156

R 17.218 5.082: 65.684,

-CBAICaJ b NI -7.532 106.388- 173.988-
R 3.632 25.536 103.182

-C3HIHcJ -c NI - 28.400 18.050 147.702
R 7.243 4.128 76.479

:CBA/j a. c NI - 213.007 77.565- 173.942
R 53.930- 13.907 '98.842

CBA/N null -NU -6.788 40.036- 135.020-
R 2.380 5.209-- 63.060

-Experiment 2

Syngeneic R -3.029- 4,958-
+ 3.764 9,095

AKR/J a R -24.807 9.692
+ 261.103 -64.723-

CBA/CaJ -b R -2.747- 9.726
+ 2.993 -180.606-

-3H/HeJ- c R -12.628 4.952
+ 48.685 40.423

CBA/1- a. c R -50.013 14.647
+ 398.84 280.338

CBAIN null- ftR 4.083 10.942
+ 5.148- 17.603

Stimulator cells -were normal (nonactivated) splenocytes (6 x IO5lwell) that were irradiated- (R) with -3000 ft or-mitomycin C (M)-treated-
(Experiment I)or normal or GaMD-activated splenocyles-(6 X IO~lwell) that were-irradiated (R) with 3000 ft (Experiment-2).
See legend to-Table I1.
See legend to Table I.
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1990a; Vacchio et al. 1990; see below) as-well as-pro- across a non-MHCbarrier, was-provocative (Table 2. ex-
totypic Mlsband MIs'.'splenocytes (Vacchio-et-al. -1990; perimienti4).-Those splenocytes that-Were the most capable
Fig. -1), one could also conclude from kh~e latter obser- after mitomycin C-treatment of-eliciting -high levels-of
vation that a self-determinant expressed by_- MIsb .(non- -DNA synthesis by B iO.BR or C58/j-responder cells--were
siimulatory)-B IO.BR- induced self-tolerance in the C581J. also the most mitogenic for these T cells when the- present-
-parental- component -of (Bl0O.BRXC58/J)Fl animals ing-cells were preteeated-with-GaMD in vivo-and then-ir-
to each -of the -prototypic MIs -stimulator cells listed-in radiated _(Table 2, experiment-2). GaMD-treated- sple-
Table 1. -nocytes showed-a-peak in-augmented presentation of this

The sec~ficity S8/J cells~ - newly-definied non-MHC specificity-one day after in vivo
reconize by ~ 2k~o~n~ administration of this-B cell mijogen; stimulatory capacity

-patible stimulator- cells is snsitive-to-irradiation and is te iiihd-ocnrlvle ee asatrijc
augmented by -GaMD exposure. The -above. results sug- -tion of GaMD -(data -not.-shown). Prototy~ic'Mls -deter-

gestd tat 581 T cllswer reogniinga nwlyde- -minants show a-similar time course in stimulating ability
fined non-MHC MLR- specificity that-was co-expressed atri-vv aI ramn Ra ta.18)
-with -previously- defined- Mls specificities on-prototypic afe- n ioGM ramft(yne l 18)

-MIS presenting cells. To explore the-functional similarity -CS8/J Trcells -recognize -a- ,on-MHC MLR -viiimulatory
of this nor-MHC antigen to prototypic Mls determinants, specificity tMatvis widely ~distribured amiong- H-24-COml-

-ewished to test the sensitivity of this-moiety to irradia- -patible--iouse strains. Although- C588J- mice- have-been
-tion and the effect of GaMD pretreatm.ent on presenting assumed to- be totally H-2-compatible: with -other H-2'
capacity. It has-previously been shown-that irradiation of moPusestrains, the- possibility- exists- that C58IJ may-ex-
splenocytic -stimulator -cells substantially inhibits their -press- an -aberrant -MHC; thus, the-response of C5811 T
capacity to present: prototypic MIa (Webb et al. 1985) cells tothe Nls prototypic stimnulator cells seen previously
and- MWs (Ryan-et-al. - 1987a) specificities-insa priumary could -be directed -to- -their "conVentional* MHC-
_MLR. In addition,- exposure of mouse splenocytes to associated aniigcns. Alternatively,-C581J T cells-may-be
heterolo-ous-(Ryan-etval. 1983,-1987a, 1987b, 1988) or recognizing a shared non-MHC (perhaps Mls-likc) moiety
monoclonal (Ryan et al. -1983)- GaMD -in -vivo for-24 h- -expressed- by each of 'these MIs prototypic splenic
can substantially- augrnent,(he -presentation-of both the,- stimulator-cells. iiideed. the extreme radiation sensitivity
Mls' and Mlsc moieties-that-these c ells-expre -ss . Accord- and-GaMD a-ugpientability- (Tabl-e-2)- might argue for the
ingly, prototypic M-Is' AR/J1 -Mls . CBAICaJ, MISC latter possibility.
C3H/Hei;. Mls'-c CBAIJ, anfd' Mls-'*' CBAIN -normal To distinguish formally- between these -two alter-
splenocytes were eithe iraitdor iniycin C-treated_- natives. C58/J mice were cosdwt ogncH2
and cultured with Mflsb131O.BRTcells mnan Mls-defined BIO.13R, H-2d Bio.D, and 11-2"-C57BLIIO m-ice.-If the
MLR, -Mle- H-2d (BALB/c x DBAI2)F, T cells in an C588J T-cell response was directed at an H-2k component
H-2-dcfined MLR, and C58/J Tcells in ipresumably non- of the -Mls -prototypiic stimulator cells, -only the
:H1-2-defined MLR-(Table 2, experiment-I). As previously (BOBR x C58/J)F1 responder cells-should be deleted of
reported (Webb et al985;1Ryan et al. -1987a) for an MIS; resp -onsiveness to these -2'stimulator cells. If -C58/J-
defined MLR, irradiation- substantially diminished- the responder cells recognize a non-MHC-component present
capacity-of str6rigly~stimulaiory AKR/J-and-CBAIJ- as in the background of each of the MHC-disparate BlOcon-
well as more poorly stimulatory C3H/Hei splenocytes.-to- -genie strains (and sharcd'with thczMs prototypic strains),
stimulate proliferation ofl-H-2-compatible MlSh B1O.BR the T cells- from (B I O.BR x C581JWf, (B IO.D2 x C581J)
responde, cells. The stimulatory ability of these F1, and (C57BLIIOxcC58IJ)F, animals should all- be
splenoc-ytc% to present their-MHC derminants wa -also nonresponsive wothis stimulator-panel In (he four ex-
noticably imipaired-after irradiation bjzt the dminished perimntconpiicd-in TWOe . additional H-2k MIs non-
level was~ never-equivalent to that detected across a known prototypic stimulator cells -were included to obtain a more
Mls-harrier. Like B IO.BR- rcspondcr-cells.-=the capacity- comprehen-sive apprecia-tion -of-the- strain d -istribution of
of C580J T cells to. respond was more greatly-impaired- the-non-MH-C specificity recognized-by C5811. Because
after- irradiation (versus 'mitomycin-C-treatmcnt)= of -the each, of the three H-2-diffeient B310- congenic -Fl re-
11-2k-compatible presenting~ccils than was the-prolifera- sponder-cell populations was largely unresponsive to- the
tion of-te MI-IC-disparate- BALB/cT -T cells. - MIs -prototypic stimvulator cells is- well -as the other

As expected, -the prototypic MIs'h CBA1CaJ and H-2L-compatible_ stimulator cells tested, it -is-li-kely that-
MIS""'l CBA/N mitomycin C-treated -stimulator- cells C580i T cells recognize in a-primary, MLR-a widely-
failed to stimulate effective levels -of -proliferation of distributed, non;M'HC -moiety shared by -most -of the
Misb -BIO.BR T cellsin an Mls-defined -MLIR. The find- H-2ksplenocy tes examined. The ability of parental H-2d,
ing that:C58IJ T cells proliferated-to these splenocytes, Mlsa.c -DBAI2 -to delete this responsiveness in-
which were-formerly-considered-virs.ually nonstimulatory (DBA/2xC58/J)F, animals suggests-that this-MIs' pro-
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Table 3. C588J responder cells recognize a non-MHC-specificity that-i, widely-distributed among H-2k-compatible- inbred mice.

Stimulator cells' Responder -cells'-

Strain H-2 Mls C588J (BIO.BR xC58)Fj (BIO.D x C58)F,_ (C57BLiO x6CS)F, (DBAI2 x C58)F,

Syngeneic 6,141 -7.938 5.198- 3.691 5.926
AKRIJ k -a 60.064 4.445 4.325 :1.471- 4.625
MAIMy k a -174.665 23-112? 24.644
BMW.B k b 13,590 3.459 23540 160
COA/CaJ k b 209348 6036 3.451 4.549 4.627
C57BR/cdl- k b - 187.480 14.633 15.255

B6.AKR- k b 104-.662 -9.156- 10.269 -

CHfic L. C 31-.166 -5.62Y 3.09.8 2.093 ISM2
BALB.K -k C 54.923 3.920) 2.969 2.185
CBAI L. a 144-.950- 7.271 4.306 4.631- 4.651
CE-3 -k a.C 125.868. 10.936 -11.738 4.196 5.467
RFJJ k- a.c -6.838 3.915-_ 4.422 2.073
C57BLIIO- b b 60.100 - 92.418 57.4X4
BIO.D2 d b 109.256 - 76-.59
SiL) U 43.408 38.082

Stimulator cells were splenocyics O6x IO5IweII) that-were tiradiated with 3000 R after beine cibt-jincd from -animals- that were injected 24S h
beorehAnd with- 100 pg-of GaMD i. V.

Se legend-to Table 1.
'See Iceend to Table I: the cpnyvalues reprsenit the-averaes of fur %eaie-6prmni

totypic mouse strain- also encodes- the non-MI-C lituind cells. Thus-it-is possible-ithan spleen cells from RF/J mice
shared by the H-2 -mouse strains--tested; encode this specificity-but-are not-able to present-this

rhe large variation in the capacity of-stiniulator cells determinant~effectively -in -vitro. We attempted to deter-
from-different -H-2k mouse strains to trigger C58/i T -mine whether the RF/L--paren t -was-capable of de -leting
cells across- this non-MHC--differencc -was also- an- im- -responsiveness in -the (RF/J x C.58/1)F 1 animal- to -this
portant feature of these experiments. A gradient- of non-MHC specificity recognized by C58/J- T cells.2
stimulatory ability was noted, with BIO;BR being among- However. after more than one-year. we did not obtain pro-
the poorest afid CBA/CaJ, CBA/J, and C57BR/c J strains ductive niatings~betwcn these parentaltsrains;
being among the best presenters of this non-MHC moiety. The largest residual -response of-(B 1O2-BR x C5811)F,-
This laboratory -previously -reported that a diversity- in -and (RIO.tQ2 x C58/J)Ff- T cells to the panel -of H-2"
present ing -capacity also existed- for the 9Mls' specificity stimulator ceClls-was directed-to the M A/My senocytes.
among different- H-2k mouse strains; this phenornenop This could,-relate to the previous report that MA/My -cx-
-reflected the influence of non-MHC background genes en- presses a Weak, non-MH-C MLR stimulatory determinant.
coded by the stimulator cells (Rya n et al. -1990a).-One ad- distinct- from-Mls' and- Mis (Ryan -et al. -1990a), -It- is
ditional exampleof-the non-MHC-regulated presentation possible that this MA/My determina nt is not a self-comnpo-
of this-newly-definied specificity may involve the B6 and -nent of C58/J or the BIO 6ongenic mice andfis therefore
BIO non-MHC_ backgrounds (both Mlsb)- that- -were responsible for -eliciting- the low level- of residual -F,
formerlyconsidered to be quite similar. It-was interesttng responder -proliferation- detected in the MLR shown in-
to-Afid that in this, as-well as i-n -other -experiments -not -Table 3.
shown, the B6.AKR Itimulator cells -were superidr in Having-shown that -M~sWII'CBAIN splenocytes also
comparison with BIO.BR splenocytes for the prisentation stimu -late-C58/J responder cells (Table 2. experiment I);
of this nob-H-2-AILR stimulatory deerminant-to C581J we wished todetermine wiether the specificity recognized
T cells. The only- H-2k -comnpatible stimulator cells tested- on these-kid' sti mul-ator cells was similar t o the widely-
that did not elicit detectable levels of C58IJ responder pro- -distributed,- non-MHC -determinant discussed above.

-liferation (in this and other experiments) were those from -Mitomnycin =C was used to- i nactivate normal- splenic
RF/J mice. Because Mls3.c-RF/J T cells are not respon- stimulator -cells in this, experiment- since we previously
sive to-Mlsa, MWe (Ryan-et al. 1990a), or Mlsb (MJ.. -observed-that GaMD-trcated -irradiated- CBA/N spleno-
Ryan, unpublished observation) H-2k-compatiblc-stimu- cytes were not- particularly- effective in present ing -this
lator cells, there is no- evidence to suggest that- RF/J- non-MHC-specificity-to C5817- cells,- unlike-B-cell nor-
responder cells also recognize the newly-defined, widely- mal stimulator cells (Table 2., experiment 2). According-
distributed non-MHC moiety that stimulates C58/i T -ly, the response of C5811 T-cells to mitomycin C-treated
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Table 4. Although- formerly considered MIS""t. -CFiA/N -sple nocyics express- an M LR stimulatory non-M HC specilficity -recognized by -C58 1J
responder cells that is shared with other H--2 Mouse Strains.

Stimulitor -Cells* Responde -r-cells*

St-rain 1H-2 MIS C58/i CBA/CaJ- (CBA. C3J X C58!if 1

Sy-ngeneic -k-9.490' 1.720- 2_479J
CBAIj _k a.c 51.071 194.291- 3.395
CBA!N -knull 39.280 3.162 9.646
BIO.Q -q b 82.634 782.72

*See legend to Table-I.
'tee legend to Table 1.

*V21lueS are cpm of mean arithmetic 1311JTdR uptakeo oquadruplicate cultures, harvested at 96 ht. Underlined numbers are those that are Significant-

ly--greater (p<0.05) than -response'to syngeneic Stimulators.

Table 5. Monoclonal antibody to class 1-It MC-inthibits-thc response to the non-MHC specificity recognized by C581J T celli.

Responder cells' Antibody Stimulator cells*

C58/i CBAICai CBA/i BSIO.D2

- ~- ExcperimetA
CS8J- -Medium 15I.527- 104.438- 56.192 '179.483

10-362 13.574 28.372 19.594 142.57 1
Experimenit-2
CSS/j_ Medium 5299 47.055 45.753 -117.798

144-4- 7.577 -8.782 13.381 -102.602
-MK-136 6.294- 4C.498- 32.801 -48.931
-CBPC-lI 9.449 49.496 44.275 -128.749

See legen -d to Table-1.
Sie legend to-Table 1.

*See liegend Io Table 4; the monoclonal 0-_362_(AL-specimc) antibody (50 glgml) and -14-4.4 t-specific) an-.ibody (8 jaglnI; %cre puritied (rim
ascites fluid by ammonium sulfrate prccipitiationa:nd Sephadex colum chromatography: the monoclonal MK-D6(A!!..pCCilic, antib.'d(4O etg ml;
and-CBPC-I0l (no known Specificity) antibody -(10 gaJmI) were purified by--Protein A-Sepharo-c column-chronatography.

CBAIN stimulator cells was- -compared to- that of MIS and Mlsc to yield- an -F, -animal depleted of T cells
(CBA/Cai x C58li)F, T cclls-(Table 4). -Crossing C581.J that-could-respond-to these-three- specificities expressed

wit CBl~a wa peviusl shwnto produce an F, on H-2-compatible CBAIJ stimulator cclls. In-summlary.
animal that is unresponsive to each- of the H-2k it - otlkl htalH~ taisetd(ihte
suimulaorcells listed in Table 3. Similarly, in this experi- possible exception of RFIJ) share the widely-distributed.-
tfieit- the F, T cells were -largely delcted-.-of -respon- non-MHC MVLR -specificity-recognized by C580i hetero-
siveness not only to H-2L-compail CAJbut-also-to genous T cells.
CBIA/Nsplenic stimul-ator-Mels. Because some significant
residual proliferation of -the -(CBNICaJ XC58li)Fi Monoclonal anti-Ia anidbody blocks the respoinsiveness of
rcspondercells- 10 CBAIN stimulator cells was noted-ini C58/J-T cells~ t ividely-disn-ibiircd. non-MVHC AILR
this-and other experiments- not shown. it-spsibeta simnlatorv specificiti. Studies from other laboratories
CBAIN splenocytes also express an additional non-MHC have consistently demonstrated that nionoconal or poly-
determinant -not shared with CBAICaJ or CBA/J that clonal antibodies to-MHC class 1I-subretion a ntigens A
stimulates C58lJ T cells, or E block the proliferation of responsive T cells-across

The finding that the F,- responder cells were un- an Ml?' (Janeway-etal. 1980; MaCph -ail- and Stutan
responsive to CBAIJ stimulator -cells, while parental 1984; Janeway -and -Katz 1985) and an- Mlse (Abe and
CBA/CaJ and-C58lJ proliferated-to-these-splenocytes is Hodes 1988) barrier. Therefore, We-wished to test the ef-
nou inconsistent. -it supports- instead- the concept of gene fect-of mnonoclonal [a-;specific antibodies on the recogni-
complementation- in -Which the -CBA/CaJ partner con- tion of the -widely-distributed (non.MlsC). -non-NIHC
tributed the newly-defi ned, non-MHC stimulatory speci- MLR stimulatory specificity recognized by C581J T cells.
ficity-andzthe C58lJ partner contributed the prototypic Accordingly, monoclonal 10-362_Ak (Table 5. experi-
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ment 1) or 14-4-4 E- (Table 5, experiment 2) specific an- female CBA/N F, stimulator cells-were T cell-depleted
tibody was added to the primary MLR between C58/J T (before mitomycin C treatment) to obtain approximately
cells and H-2-compatible mitomycin C-treated CBA/CaJ equivalent numbers of non-T Mis presenting cells in both
and CBAIJ or H-2-disparate BIO.D2 splenic stimulator groups. Consistent with- previous reports (Ryan et al.
cells. Very substantial blocking of C581 responsiveness 1983; Webb et al. 1984), C3H/HeJ T cells proliferated
to the non-H-2 specificity presented by the H-2k vigorously to the Ms3 difference expressed-by pheno-
stimulator cells was observed with the addition of each typically normal female-but not xid + male (CBA/N X
of these monoclonal antibodies; however, much less effect AKRIJ)Fj splenic stimulator cells (Table-6, experiment
was noted on the proliferation of C58/J T cells to 1). Interestingly, although C58/J animals encode Mls'
:H-2d-disparate BIO.D2 splenocytes. MK-D6 As-specific (Abromson-Leeman et al. 1988a, 1988b; Ryan et al.
monoclonal antibody had only a small effect on the 1990a) and are deleted of T cells that express the V3
response ofC58/J T cells to the newly-defined. non-MHC segments that are predictive of responsiveness to Mls3

specificity expressed by H-2k-compatible CBA/CaJ and (Vacchio and Hodes 1989), C58/J responder cells also
CBA/J: however, a substantial reduction in the C581J T proliferated vigorously to the (CBA/N xAKR/I)F,
cell response to H2d BIO.D2 was observed. The female but not male stimulator cells. Based on the results
CBPC- 101 antibody (with no known antigen specificity) of Tables 3 and 4, it is likely that both CBA/N and AKRIJ
has an 1gG., isotype like 10-362. 14-4-4. and MK-D6. partners .ontribute to their F, the widely-distributed
This isotype-matchd control reagent had no effect on the non-M!iC MLR stimulatory specificity, distinct from
anti-non-MHC or anti-MHC response of C580 T cells in prototypic Mls antigens, recognized by C581J.
a primary MLR. Thus. as with prototypic Mis3 and Mls, In the next series of experiments. Mls"' CBA/N
-class i MHC molecules influence-the recognition of this mice were crossed with H-2k'compatible animals. Mis1
newly-defined. non-MHC MLR stimulatory specificity BIO.BR and CBAICaJ, that were not known to-express

-and specific antibodies to Ia antigen prevent effective a~stimulatory (previously defined) Mls specificity. The
presentation/recognition of this moiety. In a preliminary latter prototypic Mis nonstimulatory strains nevertheless
experiment. monoclonal iti-H-2Kk antibody 11-4.1 also expressed the widely-distributed, non-MHC MLR stimu-
-reduced the C581JTcell proliferative responseio the new- latory specificity recogni7ed by C581J T cells (Table 3).
ly-defined. non-MHC detcrminant (data not shown). This The resulting normal female and defective xid' male F,
is compatible with the previous report that an-anti-MHC splenocytes Were examined for a differential capacity to
class I antibody partially blocked responder T cell pro- present this newly-defined non-MHC MLR stimulatory
liferation to prototypic MIs3 (Macphail and Stutman specificity to C581J T cells (Table 6.-experiments 2 and
1984). 3). As with the presentation of prototypic MIs by (CBAI

N x AKR/J)F, splenocyics (Table 6, experiment 1), the
Phenotvpically normal CBA/N F, female but not xid + B non-MHC specificity recognized by unprimed C5811
cell-defective CBAIN F, male stimulator cells effectively responder cells was more effectively presented by
-present the newly-defined. non-MHC MLR stitnulatory stimulator cells from B ceil-normal (CBAIN x-B I0.BR)
specificity recognized by C58IJ T cells. For both the Ft female than the xid' F, male littcrmaics. A com-

Mis (Ryan et al. 1983; Webb et al. 1984) and the-Mlsc parable result was obtained with normal mitomycin C-
(Ahmed and Scher 1976. Ryan vi al. 1990a) specificities. treated (CBAIN x CBA/CaJ)F, male and female spleno-
B cell-defective xid' CBA/N F, male splenic stimulator cytes.
cells are poor presenters of these non-MHC moieties The response-of C58/J T cells to H-2k-compatible
while B cell-normal CBA/N-F, female splenocytes more parental xid + CBAIN splenocytes (observed in Tables I
effectively stimulate responder T cells across these bar- and 4)-appeared to be somewhat more vigorous than to
-riers.SubstantialdifferencesintheabilitytopresentMHC the xid' CBAIN F, male stimulator cells detected in
determinants have not been observed for CBAIN F, male Table 6. This could be explained in part by the previous
and female stimulator cells (Webb et al. 1984). To ex- observation that CBAIN splenocytes mayexpress an addi-
amine the functional similarities and differences between tional non-MHC specificity stimulatory for C58/J T cells
prototypic MIs antigens and the newly-defined; non-MHC (Table 4); this determinant, that is not extremely stimit-
MLR stimulatory specificity further, the capacity of latory when presented by homozygous CBA/N, might be
splcnocytes from CBAIN F, male and female animals to undetected in the heterozygous CBAIN F, male spleno-
present the latter determinant and prototypic MIs in a cyts. Nevertheless, parental xid ' CBAIN splcnocytes
primary MLR was compared (Table 6). were less stimulatory for C58IJ T cells than the phenoty-

Because the frequency of Ig-positive spleen cells in- pically B cell-normal CBAIN F, female splcnocytes
xid+ -CBAIN F, male mice is approximately 40% less (Table 6. experiment 2) and presenting cells from
than that found in their phenotypically B cell-normal- CBAICaJ and CBAIJ (Tables 2 and 4) mice to which the
female F, littcrmates (Scher et al. 1975), male and immunodeficient CBA/N strain is related. The non-MHC
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Table 6. The non-MHC spcificity recognized by CS/i T cells isw~ell presented by Phienotypically normal CB3AIN F, femnale but not XID -CBA/N
F, male stimulator cells.

Stimulator cells* Responder cells'

Strain NtIS GaMD -Cell no. (MISZLR) C3HII~eJ- (Non-H-2_MLR)-C581J
treatment X 10-

Experiment- I

Syngeneic -- 3 2.509' 1 551
6 3.054 2.638

(CBAINXAKR)F, female null, a - 3 138.062 47.431
6 141.791 65.657

(CBAINXAKR)F, male- null.-a - 3 -13.360 2.988
6 19.531 3.519

Experiment-2 (Non-H-2-MLR) C581.1 (H7.2 MLR) 8613217,
Syngencic -- 3 8.586 4.526

6 9.327

(CBAINXBI0.BR)F, fernale null. b - 3 58.619 82.223
6 77.403

(CBA/NXBIO.BR)F, male null. b - 3 10.549- 61.871
6 11.293

CBAIN null - .. 23.748 54.233

Experiment 3 (Non.H-2 M1LR) C5813 (H-2 MLR) BALBIC
Syngeneic -- ' -4.071 3.566

6 1.573 3. 384
+ 35.844 3.512

6 4.574 3.093

(CBAfl'VXCBA/CaJ)F, lemale null. ti - 11 36.339- 39.909
6 48.465 35.001

+ .1 1900.127 48.329
6 158.159 30.226

(CBAINXCBAfCaJ)F, male null. ti - 1 ~ 4.31.1 32.039
6 5.550 28.932

+ 317.931 3.8
6 15.619 18.944

Stimvlasnr ellk were norrmal or (aMND-2cti%-aied .ptcvnuetcs that i'cre treated with anti-Thy 1.2 +Cand the-n naitoatycin C-trcated (Exeriment.,
2.A) or normal W'penocyte',; treated with anti-Thy 1-1 +anti-Thy 1.24+C and then nutonycin C-trcated (Experiment -1).

fSee legend to Table L.
*See legend to Table 1.

stimulatory capacity of thc -(CBAIN X CBAICa)F, fe- ni_,ht not be detcted subsequent to a hi-, dose of irradia-
male spkenocytes tar C581J responder cells was substan- -lion given to xid- stimulator cells in thc earlier study.
tially enhanced after GaMD treatment (Table 6. experi-
mcrn 3).-In-contrast, -the xid- GaMND-activatcd cCBAI
N XCBAICa)F, maic -splcriocytes showed a modest in- D~iscussion
crease in stimulatory ability across this non-MHC barrier.
The izttr observation does not necessarily conflict -with For-many years. a strong MIs antigen was considered an
our-original report-that GaMD treatment of xid *CBAIN in vitro curiosity that could trigger the explosive prolifera-
F, male stimulator cell1s had no effect on the presentation tion of H-2-compatible responder cells-in a primary MLR
of prototypic MIs antigen (Ryan et al. -1983). In that study. due to the large precursor frequency of T cells that were
the stimulator cells were irradiated while-in-thescecx- precommitted to recognize-this-non-MHC moiety.-More
periments. thc preseniting cells in thc MLR were recently, however, Mls? and Misc determinants have
mitomycin C-treated. -Given the extreme radiation-sen- been recognized to belong to a class of -superantigens-
sitivicy ofrB cells with the- xid' phenotype- (Riggs et al. that play an important rolc in the elimination ofself-reac-
1988), the MIS augmenting effect Of GaMD pretreatment live T cells during development-in the thymus (Kappler
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et-al. -1988; MacDonald et al. 1988; Pullen Ct al. 1988). supposedly H-2-compatible with C581J) would directed
In addition, studies of the depletion of mature T cells ex- at their conventional H-2 MHC determinants. This
pressing V15.2" (Woodland et al. 1990). V374 (Vac- possibility was excluded by generating a series of F,
chio and Hodes 1989); V131 I (Bill et al. 1989; Vacchio responders by crossing C58/J animals with -11 2 k
and Hodes 1989), or VJ3i7a' (Marrack and Kappler BI0.BR. H-2d BI0.D2, or H-2b C57BLIO mice. If the
1988) Tcr segments in mice bearing a class If EcrEJ3 pro- response of C58/J T cells to the H-2k stimulator cells
duct suggested that undefined non-MHC self-deleting tested (Table 3) was actually directed at theirMHC-cn-
ligands besides MIs and Mlsc could exist. coded determinants, only the (BIO.BRxC58/J)F mice

ln-a comprehensive investigation of the range of self- among these F, responders would be-self-tolerant to this
antigens that influence V3 usage, it was reported that panel of stimulators. Because the (BIO.D2xC58/JIF
C58/J animals. unlike other.E mouse-strains, were not and (C57BLIIOxC58J)F,. as well as the (BIO.BRX
deleted of Vl I 3 .or Vfl2 T cells (Vacchio and Hodes C58/JiF, Tcells were no longer responsive to thes-e H-2L
1989). These authors further determined that non-MHC stimulator cells (Table 3). we concluded that C581J
licands. not encoded in C58/J animals, mediate the dele- responder cells recognize a non-MHC ligand. distinct
tion of V/3l I + or V,312 + T cells in the periphery of from previously defined NIl? or MIsc. that is present in
other inbredstrains (Vacchioet al. 1990). In addition, this the BIO congcnic background and is widely distributed
laboratory has found that MIs ' C581J T cells responded amon, other inbred-mouse strains.
to H-2-compatible MIs? AKR/J and MIsc C3H/HeJ Su-bsequently. we analyzed additional functional pro-
stimulator cells in a primary MLR (Ryan et al. 1990a). perties of the non-MHC moiety -recognized by C581J
These observations were in agreement- with the limited T cells in-a primary MLR to determine if it had char-
MLR data included in another study (Vacchio et al. -1990) acteristics common to established members of the Iis
of the negative selection of VflI I- and V012-expressing superantigen family. Since no biochemical or serological
T cells. However, there remains an additional need to criteria exist that characterize prototypic MIs deter-
determine whether unique allostimulatory characteristics minants, the decision whether a newly-defined. non-MHC
commonly associated with prototypic-MI? and MIsC are MLR stimulatory specificity belongs to this family of
shared -withnon-MHC antigen recognized by C588J T superantigens must be based largely on functional
cells in a primary MLR. evidence. Taken together, our observations that the non-

Before addressing the nature of the specificity MHC MLR stimulatory specificity recognized by
recognized by C581J T cells in a non-MHC-defined MLR, heterogenous C58/J T cells (like prototypic MIs and
it is first necessary to establish firmly that C581J animals MIsC), is particularly radiation sensitive, is dramatically
arc genotypically MIs' and thus self-tolerant to these augmented after stimulator cell GaMD treatment and "ig-
prototypic MIs determinants. In this regard. both MI? or gers high levels-of T cell proliferation, is- influenced in
MIs':-specific T cell clones proliferatedto C5810 splenic its presenting capacity by non-NIHC stimulator back-
stimulatorcclls (Abromson-Leeman et al. 1988a. 1988b). ground genes, is blocked with anti-class 11 MHC antibody.
In a primary MLR. H-2-compatible Ml? AKRIJ and and is presented much more effectively byB cell-normal
MIs'" C3KIHeJ but not MIs 'c (AKR/J xC3H/HeJ)F ,  female than by B cell-defective xid' male CBAIN F,
(Ryan ct al. 1990a) or CBAIJ (Fig. 1) T cells-responded splenic stimulator cells strongly suggest that this moiety
to C58/J stimulator cells. Parental Mis* ' prototypic should be considered a new member of the-MIs superan-
CBA/iJ niice-whcn crossed with Mls" BIO.BR mice in- tigen-family. Upon examination of these functional pro-
duced unresponsiveness in the (B IO.BR x CBA/J)F, pro- perties, the B lymphocyte appears to play-as prominent
geny not only to H-2-compatible Mi? prototypic AKRIJ, a role in the presentation of the newly-defined, non-MHC
MIse prototypic C3H/Hej. and MIs" (AKRIJ x C3HI MLR stimulatory specificity as was previously
Hd)F, (Ryan et al. 1987b: Table I) but also to C581J documented for prototypic Mis determinants (Webb et al.
stimulator cells. In addition. C581J animals are depleted 1985; Ryan et al. 1988) and- at least one undefined
of T cells that express Vfl6 and V#39 Tcr segments, that superantigen (Marrack and Kappler 1988).
are associated with responsiveness to Ml?. -as well as Because unresponsiveness to the newly-defined, non-
V093 Tcr segments, and that are associated with respon- MHC MLR stimulatory determinant is dominant in F,
siveness to MIsc (Vacchio and Hodes 1989). Taken animals obtained by -crossing C581J mice with mouse
together. these, observations indicate that proliferation strains that encode this non-MHC antigen (Tables 1, 3,
across a non-MHC difference by C58IJ respondcr-cells and 4). it is likely that this ligand mediates in-vivo the
would be directed-to a moiety other than MI? or Mis - negative selection of T cell populations that are scif-reac-

A related issue to resolve at the outset was the tive to it. This functional observation compliments the
possibility that C58iJ mice express aberrant MHC an- finding that deletion of VO1 IV or V1312 4 - T cells is
tigen. so that the proliferative response of C581J T cells dominant in F,_ mice obtained by crossing x(VI311-
to Nll?. MIs. Mis, or MIs" stimulator cells (that arc V#12-) strains that express this newly-defined, non-
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MHC determinant- and- (VO~ I 1' Vfl12*) parcntal-C~58IJ subregion (hat-is co-recognized- with the prototypic MIs
(Vacchio Ct 21. 1990). This self-delcting property is-now determ inant. However, the extremely wide distribution of
considered a hallmark of prototypic Mls antigens (Abe et the newly-defined, non-MHC MLR stimulatory specifici-
at. -1988; Kappler et-al. 1988; MacDonald et al. -1988: ty among inbred -mice may make this type of im-
Pullen-cc al. 1988;-Happ et al. -1989;-Pullen ct al. 1989: munogenetic analysis for this-antigen difficult-with uin-
Vacchio-and Hodes -1989). primted heterogenous responder T ells, For example, to

Although a low level of CS8IJ-T-cell proliferation generate appropriate F, rtzspondcr cells -tolerant to
was elicited across this non-MHC barrier-by-BIO.BR allogeneic MHC yet-potentially responsive to the newly-
splenocytes, (BIO.BR xC581J)F,- animals were effec- defined, non-MI-C-determinant, C581J mice should be
tively deleted of functional responsiveness to this newly- crossed with H-2-disparate mouse strains that do-not en-
defined specificity (Table 3). In addition, crossing C5811 code-this non-MHC antigen as a-self-component. Since
with BIO -congenic mice yielded F, animals that-lacked most inbred strains tested (Tables-3 and 4) - except C581J
Vp~ I1 'or V#1l2" T-clls in their periphery (Vacchio et - encode this non-MHC determinant, finding- such an
at. 1990). Therefore, it-is possible that the efficiency--with H-2-different partner lacking the non-MHC antigen may
which-this non-MHC -determinant- evokes the negative be difficult.
clonal selection process in vivo -for-a particular -inbred Furthermore. backcross analysis experiments- that
mouse strain may-not-correlate with-its potency as a T would attempt to determine whether-the newly-defined.
cell-stimulatory antigen in vitro. The-congenic BIO.BR non-MIHC MLR stinmulatory determninant(s) segregates in-
strain-derived its H-2L haplotype from C57BR/cd mice dependently of prototypic Ni? or Mlse antigen requires
that very effectively -present this newly-defined, non- that one of the parental 3 strains does not encode the former
MHCMLR stimulatory-specificity recognized by-C581J specificity. Thus, -the widespread: distribution -of this :

T cells (Table 3). Consequently, it is likely that the action determinant complicates segregation analysis as well. -In
of non-MHC genes present in the B 10 background rather addition, two or more genecs were shown to encode-this
than the expression of an -inappropriate~ or-aberrant non-MHC ligand(s)-based on the deletion of Vf61 I' T
MHC-accounts for the poor in-vitro presntation of this cells in (CBA/Ca xC581.J)F X C581J first -backcross
non-NIHC MLR stimaulatory specificity by Bl0.-BR animals (Vacchio eC_2. 1990).-Given that multiple genes
splenocytes. Previous studies from this laboratory have asso-encode MISC (Click and Adelman 1988: Abe et at.
confirmed the importance of non-MHC gene influences 1989:-Pulien et at. 1989) and possibly Ml? (Click et al.
in regulating the presentation of prototypic Ml? and l982: Ryan CIt at. 1990b) evaluation of alkclisni between
MV determinants (Ryan C at. 1990a). this newly-defined. non-MHC specificity or specifficiis

The -finding that monoclonal E-specific antibody and previously-dfined Mlsgeep utwudba x
blocks responsiveness- of C581J T cells to-this MLR treinely difficult inimunogenetic exercise. However, the
stintulatory non-MU-C antigen (Table 5,- Experiment'-)). Observation that this- newly-defined. non-M HC determi-
is consistent with other-studies indicaitingz that expression nant is simultancously-expressed by-Ml?' mouse strains
of the E molecule is critical for self-recognition of a wide- c. a.-CBAIJ and CEll: Table 3). suggests. but does not
Ik-distributed. non-MHC moiety-and subsequent clonal -prove. that it is not an 21lkk Of at least some of the gene
deletion of self-reactive T cells that are VIl I * (Bill vt products associated with the MI?-or MIsC penoena
2t. 1989: Vacchio and Hodes 1989). The-reason why Clearly. cloned-T cells specific for the non-H-2-MLR
nonoclonal A-specific antibody is as effective as-E- stimulatory determiniant-recognized by C581J responder
specific antibody in elinuinating proliferation of cells-must he derived in order-to adress effectively the
heteroge-nous C580J T cells to this licand that may be co- issues of MHC restriction and of possibk allelic relation-
reconnized with the class 11 E molecule is not imnmediately ships with previously defined Mis antigens.
obvious. However, it -is important to emphasize that The Mle and _Mis specificities wecre shown -to be
iiuu.c T cell rc.psitmveness to the prototypic Mls~deter- distinct nonallelic unlinked moxietics-chat Negrceate in-
minant. that is clearly restricted by the E molecule of the dependently of one-another (Abe ct at. 1987a). The hlls"
mitimulator cells (Ryan et at. 1987: Abe and Ho~des 19s8). designation was used classically to indicate the absence
is also blocked by monoclonal B-and A-specific an- of MI? and MVs on presenting cells and -thus- their
tibodies (Abe and Hodes 198S). nonstimulatory 1 12ur11e in a non-H-2-defined MILR

The importancc of-the MIJC in-the presentation of (Festenstein 1976#. The MVs determinant was emon-
previously defined Mls-specificities has been carefully strated-to represent-the simultaneous expression of Ml?
documented by several laboratories (Peck C1 at. 1977: and Mist antigens (Abe ec 21. 1987b:A%1an et al. 1987b).
Lynch et aT. 1985; Macphait and Stutman 1986; Ryan et MIsc was assigned in one report to a non-MHC MLR
al. 1987;g: Abe and Hodes 1988): H-2-different concenic Stimulat12ory dcterminant expressed by C31-iTif mice that
and recombinant mouse strains have often been employed %,As presumably distinct from MI? -and Mlse (Coutinho
as stimulator cells in those studies to map the critical -11-2 et at. 1977). The original small case kitter nombenclature.
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as opposed to the revised numerical designations (Abrom- plex disparate mice. Proc Nail Acad ScVUSA 85: 9184-9!88, 1988-
son-Leeman et al.- 1988a; Janeway et al. 1989), offers the Bill, J.,-Kanagawa, O.,-Woodland, D. L., and Palmer,-E.: The MUC

advatagof poviingcollctie sybol thtcanbe sedmolecule I-E is necessary but not sufficient-for-the clonal deletion-
advatagofpovidngclietiveyrnolshatcnbesedof VflI1I-bearing T-cells. J:Erp Med 169.:1405-1419, 1989

to convey correctly the mulligenic nature (Click- et al. Click, R. E. and Adelniann, A.: Multigene- control-of Misc. Im-
1982;-Click-and Adelman 1988; Abe et aL 1989; Pullen rnunogenetics-28: 412-416.-1988
et al. 1989;_Ryan et al. -1990b)-of the-known Mis-deter- Click. RY-E.. Azar, M. M.. and-Anderson, V. E.: Immune responses
minants. Because Vj3 usage and-deletion studies suggest in-vtro. XII. Two-independently segregating loci control Mls'

thatmultplegene enode he non-HC igan~s) product(s). J linniunol 128: 1502-1506. 1982thatmultplegene enode he non-HC igan~s) Coutinho. A.. Meo. T.. and Watanabe.-T.: Independcnt-segrcgat ion of
recognized by C588J T cells (Yacchio et al. 1990), the two functional markers expressed on the samie B-cell subset in the

= use of a letter designation to label this-,motety alboseenis mouse; Thc SIIs determinants and LPS receptors. Scandi Ininunol-
-appropriate. Thus- we propose that -the latter newly- 6: 1003-1013. 1977
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latory determinant(s), that shares very similar functional Felten',tci. H.:imungenctic and biological aspects of in vitro lym-
allostirnulatory properties with prototypic Mis' and- phocvte allotransformation (MLR) in the mouse. Transplant Rev,
MISC, be 'assioned-the Mlsf designation. 1.5:62-68. 1973

Fcstenstein. H.: The Mls system. Transplant Proc 8: 339-342. 1976
AcJknoivleik'nents. The authors thank Drs. Rvo Abe.-Robert Harthmaun. Finkelman . F. D.. Kessler. S. W.. Mushinski.J. F.. and Potter. M.: lgD
and Richard Hodes for-critical review of this -manuiscript and -valuableepamctas Idnicton nd-ria

discuionsdurincharacteri7ation of t%%o IgD mycloma proteins. J-inrnutnol 126:di~usion drig the course ofthe expcrimients.-The authors also thank 680-687, 1981Ms'. Joann Harrigan for excellent editorial a'.si'.tance. This work %%a Happ. M.--P.. WVoodland-D. L.. and Palmer. E.:-A third-T-cell receptor
supported by Naval Medical -Re,;earch and Development Ta'.k No. O-canvrblreingeecos atvtyoMs-'ee

-NM0095.003.1007 and by grants RUR108(U.niformul-University of the pro- ci varoMialrgo gene code reactivity29 -2o6 Mls989 en
Health Sciences) and ROI-A121328 (National Institutes of Health). Theprdcs-roNd adS-UA-6:29-96 189
opinions-and assertions- contained herein are the-private onc'.-ot'-the e% v. A.., tor.-ancdisate. M s:thimuobi g of cells -riretoa-
authors and are not to be constiued as official or reflecting -the vieus ~ o ~-ou-ipaaesiuatrcls-:Undrdoai

of te Nvy Dparmenor te nvalservce t-lage.Theexpeimets v. new strain combinations, and role of la-antigen . J Inirnutiolof te Nvy eparmen-orthe ava sevic at-arg. Te exerient%- /34: 203i7-2063. 1985reported'herein were conducted-according to the principles set-forth-in Janewa .-C. A.. Jr.. Lerner. E. A.. Jason.~ J.M. - and Jone ;. B-: T-lym-
the current edition of the Guile for tlhe-Car-and Use of Laboratory -hetr.pni-n oMslcsatgn r y- ,2 adIAninal.v. Ins~titute of Laboratory -Animal Resource%. National Research poye epnigt ~-ou niesacLtl,2 n!
Council. -A retricted. iutiogenefics /0. 481-497; 1980

Janewaiy.-C. A.. Jr.. Yagi.-J.. Conrad. P.J., Katz,-M-.E.. Jones. B..
\'roquop. S.. and Buxser. S.:-T cell responses -to M Is and to bacterial

-pro-teins -that mimic its-behasvior. Iinuinol Rev 107.-61-88. 1989-
References Juliu%. M'. H.. Simipson.-E. and Herzenbcrg. L. A.: A- rapid method,

lio the isolat -ion of fun -ctional thy mus-derived murine lymnphocytes.

Abe.R. nd ode. R..: cel rcoonionof ls' 1. nflenc of E111 J bniniu-nol 3: 64-ti649. 1973-
Abe R.md ode. .J. T ellreogntio ofM~s. . Iflunceot Kappler. J. W.. Wade. T. White. J. Kushnir. E., Blackman, M.. Bill.

MHC gene products in Mls'-specific T cell recognition. J1,n,,iunol J.. Roehm.-N.. and Marrack. P.: A T-cell receptor Vft segment-
140. 4132-4 138. 1988 that Imparts reactivity to class 11 major histoconipaiibility complex

Abe. R..-Ryan. J. JL. and Hodes. R. J.: Mis is not a single gene. allelic prodiuct. -6,11-49: 263-271. 1987
system. Different stimulatory Mls determinants are the products of Kappler. J. W.. Staerz -V. White. J.. and Marrack .- C.: Self-toler-
at least two nonallelic. unlinked genes. J EpMed 166-1150-1155. alice elimina its T-cclls specific for-Mls modified products of the
-1987a imm:orhistocompatibility complex. Nawurc-332: 35-40.-1988

Abe. R.. -Ryan. J. J. and Hodes. R. J..' Clonal analysis of the Ntls L neh. D. H.. Gress. R. E.. Needlenian.,1B. W..-Rosenberg. S. A.. and4
system. A reappraisal of polymorphism and allelisn anmong Mli. Htodes.-R.J-: -cell-respon'.es'lo Mls determinants -are restricted-
MVs, and-MlsMW. J Evp -Med 165: 1113-1129.-1987b b\ %crossreacti'c MIHC determinants. J himinnol-134: 2071-2078.

Abe. R.. Vacchio. M. S.. Fox.-B-. and Hodes. R.-J.: Preferential expres. I985
sion of T-c-ell receptor V03-gene by MW~s reactive T-cells. Nature MacDonald. H. R.. Schneider. R.. Lees. R.-K.. I-owe; -R. C.,.-Acha-
335: 827-830. 1988 Orbea. H.. Festenstein. H.. Zinkernagel. R. M.,* and Hengartner,

Abe. R.. Foo-Philips. M.. and Hodes. R. J.: Ainalysis of Mvls genetics. H.: T-cell receptor-VO use predicts reactivity and -tolerance -to-
A -novel instance of- genetic redundancy. J Eyp Med 170: Mls'-cnicoded antigens, Nature 332: 40-45. 1988
1059-1073. 1989 Macphail; S. and-Stutman. 0.: Independent inhibition-of-IL2 synthesis-

Abromson-Lc-eman. S;-R.. Laning. J. C.. and-Dorf. M. E.: -T cell and cell proliferations by anti-la antibodies in mixed lymphocyte
recognition of Mls"' determinants. J linniuinol 140: 1726-1731- respone to-.ErIItnnl14: 318-324, 1984-
1988a Macphail. S. and Stutman. 0.: -1-2-I inked genes determine the level-

Abromson-Lecnman. S.-R.. Laning. J. C.. Crowell, J.. and Dorf. NI. E.: of the primary in vitro anti-Mis response. Inuinogeneiics 24.,
The relationship of Mls'to Mls'. J nmunag6ee 15: 21-30. -139-145. 1986
1988b Marrack. P. and Kappler.-J.: T cells distinguish bctwecn allogeneic maw

Ahmed. -A. and -Scher. L.: Studies on non-H-2-linkhcd-ynmphocyte-ac- jor histoconipatibilit% complex products on different -cell -ypes.
tivating detcrminartts.-Il. Nonexpression of Mls determinants in a Nature 332., 8 40-843. 1988
mouse strain with an X-linked B lymphocyte immune del'ct. J //?I- Miller. R. A, and Stutnian. -0.-: -Enumeration of -I L2-secreti ng -helper-
niumal 117. 1922-1926. 1976- T-cclis by Iinmiting-dilut iom-analysis, and demonstration of-unex-

Bill. J.. Appel. V. B.. and Palmier. E.: An analysis of T-cell receptor pectedly high levels-of I L2 production per-responding cell. J-hnu-
variable region gene express ion in major histocompatibility com- nunol 128: 2258-2264. 1982



i M CI .Ot1*t.t Nils,'. a utiewly.,Ictilceii dCI N~.it it,~ ~t
I'cck, A. 11-. Jattway, Jr., C A., ;ind Wip/clI, I.ll.yT-1.\1iplioto inool pooly 1ttmtilatoty Mls phenltypew.. J IomswuIfo 144

I ~oiitI o Mls antigens iiOIVi\C rcctiion oii~ f 11.2 1 reriot 'ci 2-500&2517. 194)0a
products. Nature 266: 840-842, 1977 Rkan, iiJ., Mond. J, J.. and Finkelman. V. V-. The fi~rLecu I

Pullen, A. M., Marrack, P., and Kappler. J. W.: The T-cell repertoire cell response to protolypic Mis' reflects dual specificity, FAS1FII
is heavily iniluencedl hy tolerance to polymiorphic self-antigcnN J 4(7): A 1728, 1990b,

Iefie335. 796-801, 1988 Scher. L.. Ahmed, A., Strong. D. M. Steinberg. A.D1.. mnd l'.Out
P'ullen. A. M., Marrack, 1.. and Kappler. J. WV.; Evidence that Mlts-2 W. E~.: X-linked 1-lymphocyte immune defect CI3A'IIN mie I

antigenms which delete V0I3+ T-cells are controlled 1by tmultiple Studies on life function and composition of spleen cells. J Cip .tile
genes. J humutiol 142: 3033-3037. 1989 141: 788-8031. 1975

Riggs. J. F., Lussier, A. M.. Le., S.-K.. Appel, M. C.. and Woodland. Vaucchio. M.S. and Hlodes. R. J.: Selective decrease% in Tcell fecept'r
R. T.: D~ifferential radioscnsitivity among B cell subpopulation. .1 VO3 expression. Decreased exprcssion of specific VO fainiitc i,
lmoitl 141: 1799-1807; 1988 associated with expression of multiple MIXC and non-NIlIC g.ne

Ryan. .!. J., Mond, J. J., Finkelman. F. DJ.. and Scher. I.: Enhancement products. J Erp Med 170: 1335-1346. 1989
of thernixcd lymphocyte reaction bs, in vivo treatment of stimulator Vacchjo, M. S., Ryan. J. J.. and Hodes, R. J.: Characterization of tltb

spencells with anti-IgD antibody. JItinmurtol 130: 2534-2541. ligand(s) responsible for negative select ion of VO IlIandVI~t2e%
1983 ~pressing Tcells: Effects of a new MIs determinant. J Fvp AldI7:

Ryan. 1.1I.. Miner, D. W., Mond. J. J.. Finkelnuan. F. D.. and WoodN. 807-813. 1990
i.N.: Regulation of the in vitro presentation of minor lymphocyte Webb. S. R. and Sprent. J.: Response of mature unprimed CD8' 1
stimulating determinants by major histocompatibility comnplex-en- cells to Mls' determinants. J Eip Med 17/: 953-958. 19901
coded immune response genes. J Itntnunol 138: 2392-2401. 1987a Webb, S. R., Mosier. D. E., Wilsn. D. B.. and Spretut. J.: Negjtt~c

Ryan. J. I., Mond, J. J.. and Finkeitnan. F. D.: The -~ddefined selection in vivo reveals expression of strong MIs deternuinant4 tn
primary mixed lymphocyte reaction: A composite response to mice with X-linkcd immunodeficiency. J Exp Med 160: 109-115,
Mls' and MISC determinants. J linainuo 138: 4085-4092, 1987b 1984

Ryan, 1.1J.. Thompson, C. B.. Mond. J. I.. and Finkelman. F. D.: Webb, S. R., Li. J. H.. Wilson. D. B., and Sprent. J1.: Capacity o 'smill
Augmented in vitro presentation of Nils determinants after anti-im- B cell-enriched poftulations to stimulate mixed lymphocyte rej&-
mnunoglobul in- induced B cell activation: Ontogenyl and role of' tons: Marked differences between irradiated vs. mitomsctn C-
purified B cell. J 1inntuntogeneir 15: 121-133. 1988 treated stimulators, Eur J Iminmtl 15: 92-96. 1985

Ryan. J..J.. Leicune, H. B.. Mond. J. J.. and Finkelrnan. F. D.: Genetic Woodland, D.. Happ. M. P., Bill. J.. and Palmer. E.: Rcquircment to'r
analysis of the presentation of minor lymphocyte stimulating deter- cotolerogenic gene products in the clonal deletion of I-E recti C
minants. 11. Differing non-MHC control of superstintulatory and T cells. Science 247:- 964-967. 1990

0


